study objective: To examine the prevalence of and risk factors for fatigue and sleep disturbance among adult survivors of childhood cancer. design: Retrospective cohort of childhood cancer survivors. setting: Twenty-six academic institutions treating childhood cancer. Participants: Two thousand six hundred forty-five survivors of childhood acute lymphocytic leukemia, central nervous system tumors, Hodgkin lymphoma, soft-tissue sarcomas, or bone tumors diagnosed before age 21, surviving at least 5 years from diagnosis, and a 500-sibling comparison group. Measurements: Functional Assessment of Chronic Illness TherapyFatigue (FACIT-Fatigue), Pittsburgh Sleep Quality Index, Epworth Sleepiness Scale. results: Significant differences were found between survivors and siblings on the Functional Assessment of Chronic Illness Therapy-Fatigue (40.8 vs 42.0, P < 0.02), Pittsburgh Sleep Quality Index (6.1 vs 5.5, P < 0.004), and Epworth Sleepiness Scale (6.2 vs 5.4, P < 0.001). Nineteen percent of survivors were in the most fatigued range, 16.7% reported disrupted sleep, and 14% increased daytime sleepiness. Survivors with a history of radiation therapy were more likely to be fatigued (odds ratio 1.7, 95% confidence interval 1.3-2.3), yet without significantly different mean scores. Female sex, congestive heart failure, pulmonary fibrosis, depression, and being unmarried significantly predicted more fatigue, whereas obesity and an infant in the house predicted more daytime sleepiness. Similar sociodemographic predictors were also identified among the siblings. Conclusion: Because of the large sample size, we detected more objectively reported fatigue, sleep disturbance, and daytime sleepiness among adult survivors of childhood cancer. However, the clinical significance of these differences is questionable. Predictors of fatigue and poor sleep were similar in both survivors and the siblings.
THE LAST 50 YEARS HAVE WITNESSED STEADILY IN-CREASING SURVIVAL RATES AMONG PEDIATRIC MA-LIGNANCIES THAT ARE NOW APPROACHING NEARLY 80%. 1 With improved survival has come recognition of the late effects of prior cancer treatment, such as second malignancies, infertility, growth delays, cardiopulmonary disease, endocrinopathies, and neuropsychological deficits. [2] [3] [4] [5] [6] [7] [8] [9] As many as two thirds of childhood cancer survivors report a chronic medical condition, with over 25% being severe or life-threatening. 10 Understanding these late effects will enable the medical community to better care for the growing population of childhood cancer survivors.
Fatigue is a distressing symptom frequently reported by adult cancer patients. 11 Its etiology is likely multifactorial, involving anemia, inactivity, infection, sleep disturbance, anxiety, and depression. The prevalence of fatigue in the general population has been estimated between 7% and 45%, 12 but as high as 70% to 96% in recently treated adult cancer patients. 13 Cancerrelated fatigue (CRF) includes diminished energy and mental capacity and an increased need to rest disproportionate to any recent change in activity, present nearly every day during any 2-week period in the past month.
14,15 CRF is not relieved by rest and can severely diminish a patient's ability to interact socially and maintain a reasonable quality of life. 16 Fatigue and disrupted sleep have been described by survivors across diagnoses and may occur months to years following therapy. [17] [18] [19] The prevalence and impact of excessive fatigue and sleep disturbance among long-term survivors of childhood cancer has been the subject of limited investigation. [20] [21] [22] [23] [24] [25] [26] The aim of this investigation was to describe the prevalence of and risk factors for fatigue and sleep disturbance among a large population of survivors of childhood and adolescent cancers. We hypothesized that this population would have more complaints of fatigue, disrupted sleep, and daytime sleepiness compared with a sibling comparison group and that there would be significant associations with central nervous system (CNS)-directed radiation therapy and late medical complications, including depression.
Methods study Population and data Collection
Data for this analysis were from the Childhood Cancer Survivor Study (CCSS), an ongoing multicenter epidemiologic
sleeP disturbanCe in CanCer survivors
Fatigue and Sleep Disturbance in Adult Survivors of Childhood Cancer: A Report from the Childhood Cancer Survivor Study (CCSS) study of survivors of childhood and adolescent cancers. 27 The CCSS cohort includes individuals diagnosed before the age of 21 years with leukemia, a CNS malignancy, Hodgkin disease (HD), non-Hodgkin lymphoma, kidney cancer, neuroblastoma, a soft tissue sarcoma (STS), or bone malignancy; at 1 of 26 participating institutions (Appendix); between 1970 and 1986; and who survived at least 5 years following diagnosis. The Human Subjects Research Review Committees at the University of Minnesota (the study coordinating center) and each collaborating institution approved the study's protocols and documents. Each eligible participant or his or her proxy, if younger than age 18 years at interview, provided informed consent for the study and separate consent for release and abstraction of medical records.
The CCSS collaborating institutions originally identified 20,720 five-year survivors, and 14,362 (69.3%) completed the baseline survey. Of 12,126 participants still alive in 2002, 9035 (74.5%) completed the second follow-up survey. As part of this survey, we randomly selected 2645 participants from 5 diagnostic groups, including 398 with acute lymphocytic leukemia (ALL; half with a history of craniospinal radiation), 398 brain tumors (half with a history of cranial radiation), 1452 HD, 198 STS, and 199 bone tumors. Among these, 718 (27%) actively declined participation, 41 (1.6%) had died, and 9 (0.3%) were lost to follow-up. Thus, 1897 responses (72%) were available for evaluation. HD survivors were over sampled due to reports of excessive fatigue in this population. 18, 28 At the time of the baseline CCSS evaluation, a random sample of survivors (4790) was asked to contact a nearest-aged sibling for participation in a comparison group. Of these, 3901 (81.4%) completed the baseline questionnaire. In 2002, concurrent with our sleep questionnaire, 2905 siblings (74% of those who completed the baseline questionnaire) completed the second follow-up. We randomly selected 500 siblings to complete the sleep questionnaire with the second follow-up. Of these, 369 (73.8%) returned questionnaires, 129 (25.8%) declined participation, and 1 had died.
outcome Measures Fatigue
Fatigue was measured with the fatigue subscale of the Functional Assessment of Chronic Illness Therapy-Fatigue (FACITFatigue). This 13-item scale, validated in cancer patients, is a measure of physical and functional consequences of fatigue. It is scored on a reverse 4-point Likert scale, ranging from 0 to 52, with lower scores indicating more fatigue. The FACIT-Fatigue has good test-retest reliability (r = 0.90) and internal consistency (α = 0.93-0.95). 
daytime sleepiness
The Epworth Sleepiness Scale (ESS) asks subjects to rank the likelihood of falling asleep during common daily situations. Scores range between 0 to 24, with higher scores suggesting increased daytime sleepiness. 31 Cronbach α is 0.88, and test-retest reliability correlation is r = 0.82. 32 Treatment variables were obtained from the original medical record abstraction. Medical late effects included self-report of congestive heart failure (CHF), lung fibrosis, and hypothyroidism. Depression was evaluated by the Brief Symptom Inventory (BSI-18). Scores on the depression subscale are in a T-distribution, and a score of 63 or greater is considered depressed.
Health-related quality of life was evaluated by the Medical Outcomes Survey Short Form-36 (SF-36). 33 Raw scores were converted to t-scores for analytic comparisons.
statistical analysis
Descriptive statistics were calculated for demographic and treatment variables and compared between survivors and siblings with 2-sample t-tests or χ 2 tests. Means and standard errors were calculated and compared between survivors and siblings in generalized linear mixed models, adjusted for age at interview and sex. A variance component for intrafamily correlation was included. 34 Using the scoring standards provided with each of the questionnaires, 15, 30, 31 only responses from participants who completed 50% or more of each subscale of the PSQI and the total scales of the FACIT-Fatigue and ESS were scored. Completion rates for the FACIT-Fatigue, PSQI, and ESS, were 94%, 96%, and 99%, respectively. Missing items for the FACIT-Fatigue and ESS were assigned an average value based on that participant's answers to the scale. Missing items for the PSQI were assigned a zero value indicating no problem. Participants who did not complete enough of a particular scale to receive a score were dichotomized into the "no-outcome" groups for the multivariate analyses.
The scales used in this study have normative data from populations with age ranges higher than in our cohort. Therefore, to dichotomize the scales, we classified the lowest 10 th percentile of the sibling scores on the FACIT-Fatigue as fatigued and the highest 10 th percentile of the sibling scores on the PSQI and ESS as having poor sleep quality and daytime sleepiness, representing 1.3 standard deviations from the mean. The prevalence of fatigue, poor sleep quality, or daytime sleepiness was compared by treatment and demographic factors with multivariate logistic regression. Generalized estimating equations were used to account for intrafamily correlation when survivors and siblings were in the same logistic-regression models. Race and educational attainment were not independent predictors of the outcomes, nor did they appreciably alter the estimates, so they were not included in the final models. 
Fatigue and Sleep in Childhood Cancer Survivors-Mulrooney et al
Mean t-scores for each of the 8 subscales of the SF-36 were calculated. Survivors and siblings were divided into fatigued/ nonfatigued, sleep disturbed/non-sleep-disturbed, and those with/without daytime sleepiness. Comparisons were made with 2-sample t-tests. SAS version 9.1 (SAS, Inc., Cary, NC) was used for all analyses.
results

Characteristics of the study Population
Participating survivors were more likely to be female (51% vs 42%) and more educated than nonparticipants (72% postsecondary education vs 62%), and proportionally more bone tumor survivors participated than not (8.5% vs 5.5%). Characteristics of participating survivors and siblings are shown in Table 1 . Siblings were younger than survivors and less likely to report their ethnicity as Hispanic. Because of oversampling, HD survivors represented 52.5% of the study population. All participants had survived at least 15 years from diagnosis; over half had received chemotherapy and 70.2% radiation therapy.
Fatigue and sleep scores
Mean FACIT-Fatigue, PSQI, and ESS scores are shown in Table 2 . Differences were detected between survivors and siblings on all 3 measures. Survivors of HD scored significantly lower than the comparison group on the FACIT-Fatigue and higher on the PSQI and ESS, suggestive of more fatigue, sleep disruption, and daytime sleepiness. CNS survivors also had a lower FACIT-Fatigue scale than the siblings. Differences on the PSQI were detected in STS and bone tumor survivors and ESS scores among ALL and CNS survivors were higher than among the siblings.
No statistically significant difference between mean scores on the FACIT-Fatigue, ESS, or PSQI was observed between ALL survivors with a history of radiation therapy compared to those without. Among survivors of CNS malignancies, those with a history of midbrain radiation therapy had a mean PSQI score significantly lower than those who had not had mid-rain radiation therapy. There was no evidence of an overall radiation therapy dose response for fatigue, sleep quality, or daytime sleepiness. A history of mediastinal radiation therapy did not influence mean fatigue, sleep quality, or daytime sleepiness among survivors of HD.
Fatigue, sleep disturbance, and daytime sleepiness
After adjustment for sex, diagnosis, age at diagnosis, and treatment variables, females were more likely than males to be in the most fatigued group (Table 3) . Those treated with radiation therapy were more fatigued compared to the group without radiation therapy, and survivors of a STS were more likely than those with leukemia to report disordered sleep.
The multivariate analyses comparing fatigue, disordered sleep, daytime sleepiness, and medical late effects and sociodemographic factors among cancer survivors and the sibling comparison group are shown in Tables 4 and 5 . Female survivors and siblings were more likely to report fatigue, compared with males. Among survivors, those who reported CHF or pulmonary fibrosis were more likely to be in the fatigued group, and those with CHF were also more likely to be in the sleepdisturbed and daytime-sleepy groups.
The prevalence of depression was higher among the siblings (15.4%) than survivors (8.1%) and strongly associated with each outcome. Depressed survivors were 7.5 times more likely to be in the fatigued group, whereas depressed siblings were 9.5 times more likely to be fatigued. For sleep and daytime sleepiness, depressed survivors were 3 to 4 times more likely to report symptoms. However, depressed siblings were 8.9 times more likely to report disordered sleep and twice as likely to report daytime sleepiness. 
Fatigue and Sleep in Childhood Cancer Survivors-Mulrooney et al
Obese survivors were more likely to experience disrupted sleep and daytime sleepiness compared to those with a BMI less than 30, while siblings were also more likely to experience daytime sleepiness. Unmarried survivors were more likely than those who are married to be in the fatigued and sleep-disordered groups. The presence of an infant in the home was associated with more daytime sleepiness but not with increased fatigue or sleep disturbance. Among siblings, no association was found with marital status or having a baby in the home. Unemployed survivors reported more sleep disturbance than did employed survivors. Unemployed siblings were 2.2 times more likely to report sleep disturbance than those fully employed.
The multivariate analysis comparing cancer survivors to the sibling comparison group is shown in Table 6 . After adjustment for medical and socioeconomic factors, including depression, survivors were 1.9 times more likely than the siblings to be in the fatigued group. Those with CHF, depression, and obesity were more likely to report fatigue, disordered sleep, and daytime sleepiness.
health-related Quality of life
Fatigue, poor sleep quality, and increased daytime sleepiness were associated with lower scores across all domains of the SF-36 ( Figure 1) . Fatigued survivors scored significantly lower on the physical function (P < 0.01) and general health (P = 0.05) domains than did the fatigued siblings (panel A). However, fatigued siblings had lower mean scores than survivors on vitality (P < 0.01) and mental health (P = 0.05). Those survivors reporting sleep disturbance and daytime sleepiness (panels B and C) had lower physical functioning (P < 0.01), role physical (P = 0.03), and general health (P < 0.01) scores compared with siblings with disrupted sleep and daytime sleepiness. Among those not reporting fatigue, sleep disturbance, or daytime sleepiness mean scores for survivors were lower than those of the siblings on the physical function (P < 0.01), role physical (P < 0.01), general health (P < 0.01), and social function (P < 0.01) domains.
disCussion
Using the CCSS cohort, we performed the largest, most comprehensive study to date of cancer-related fatigue and sleep disturbance among adult survivors of childhood cancers. We identified statistically significant different mean scores on standardized measures of fatigue, sleep quality, and daytime sleepiness among survivors of ALL, CNS tumors, HD, STS, and bone tumors compared to a sibling control group. We also found that a significant percentage of survivors reported fatigue, but not necessarily disturbed sleep or increased daytime sleepi- ness, compared with siblings. However, predictors of fatigue, disturbed sleep, and daytime sleepiness were similar among both survivors and siblings. A significant association between fatigue, disordered sleep, and daytime sleepiness with overall health-related quality of life was identified in both groups.
Although these statistical differences on the various fatigue and sleep scales are compelling, their clinical relevance requires clarification. The large size of the CCSS cohort allowed us to identify small differences between means on each of the scales, differences that are unlikely to be recognizable in a clinical setting. A clinically meaningful difference in fatigue, sleep disturbance, or daytime sleepiness between adult survivors of childhood ALL, CNS tumors, HD, STS, and bone tumors and the sibling control group was not apparent.
Our results differ from studies of fatigue and sleep among survivors of adult cancers. In medical oncology, studies of fatigue have largely been performed among survivors of breast cancer or HD and report prevalence rates ranging between 17% to 30% 2 to 23 years following therapy. 17, 28, 35 However, mixed results have been noted among childhood cancer survivors. Langeveld et al 21 reported less fatigue in childhood cancer survivors than in the general population 15 years after diagnosis, and Zeltzer et al 9 found similar levels of fatigue between survivors of childhood ALL and sibling controls. Yet, Meeske et al 9, 21, 36 reported the prevalence of fatigue to be as high as 30% in 161 childhood ALL survivors an average of 13.9 years off therapy. With the longest follow-up to date (24.6 years; range 17-34 years), we found an overall prevalence of 19% among adult survivors of childhood cancer, and 15% among the ALL survivors.
We speculate that cancer-related fatigue may change or even decrease with increasing time from diagnosis. Visser et al 37 has suggested that patients may self-inflate, or reduce, their assessment of fatigue over time, resulting in a "response-shift" to selfreported fatigue levels. It is possible that this shift explains the lower prevalence of fatigue among childhood cancer survivors compared with adult cancer survivors. Additionally, survivors of pediatric malignancies may not be prone to the chronic fatigue reported in the adult population. A recent report among HD survivors, a mean of 18.5 years from diagnosis, evaluated fatigue at 2 time points 8 years apart. Although the prevalence of fatigue remained elevated compared with the general population, investigators found a significant decrease over 8 years.
38
With the longer follow-up in survivors of childhood cancers, fatigue levels might be expected to decline over time.
Those who had had a history of radiation therapy were more likely to be in the most fatigued group, yet no significant association was found with sleep quality or daytime sleepiness. Mean scores were not significantly different except among brain tumor survivors, whose PSQI scores actually suggested better sleep than those without radiation therapy. Furthermore, we examined the possibility of an association with mediastinal radiation therapy among survivors of HD and again found no significant difference between those with or without a history of radiation therapy. Additionally, no association between exposure to radiation therapy and depression could be identified. Notably no association between hypothyroidism and fatigue, sleep quality, or daytime sleepiness was identified. However, 93% of the 171 survivors who reported being told by a health care provider that they had hypothyroidism also reported replacement therapy. A history of CHF or pulmonary fibrosis increased the prevalence of fatigue, and those with CHF also experienced more sleep disturbance and daytime sleepiness. It is possible that subclinical medical conditions caused by radiation therapy, such as undiagnosed cardiopulmonary or endocrine disorders, may be responsible for increase fatigued.
Sleep-related issues have received minimal attention among cancer survivors. Insomnia has been reported in adult cancer patients, with a prevalence as high as 30% to 50% during active therapy and 23% to 44% 2 to 5 years following treatment. 39 The prevalence in our study was much lower at 16.7%. Again, mixed results can be found among childhood cancer survivors. In our study, 13% of the ALL survivors reported sleep difficulties; however, Meeske et al 36 found that as many as 50% of ALL survivors reported sleep problems. This discrepancy may be partially explained by variations in selecting a cut point to dichotomize the scale. The sensitivity (89.6%) and specificity (86.5%) of the PSQI is based upon a score of 5 to distinguish between "good" and "poor" sleepers. 30 Although many reports have used this cut point, 1 has suggested that a score of 8 might be more appropriate in cancer survivors. Participants with no reported sleep disturbance were correctly identified by scores of less than 5, but mean scores were greater than 8 in those with disrupted sleep. 40 Sixty percent of our study population had a score greater than 5, and 30% greater than 8. Therefore, we compared survivors with a sibling control group and classified individuals as sleep disturbed if their PSQI score was in the highest 10 th percentile (≥ 9.5) of the sibling group. Overall, we found a mean PSQI score of 6.1 and slightly higher scores among survivors of HD, STS, and bone sarcomas, suggesting some level of decreased sleep quality compared with that of the siblings. Yet, the actual difference between survivors and siblings was small and unlikely to be clinically detectable. Interestingly, an increased PSQI score persisted among STS survivors after adjustment for sex, age at diagnosis, a history of radiation therapy, and chemotherapy. To our knowledge, issues of disturbed sleep in sarcoma survivors have not previously been reported, and reasons for this association are not immediately evident. Sleep disturbance among STS survivors warrants further investigation and more detailed clinical correlation.
Being in the most fatigued, sleep disturbed, or daytime sleepiness group was associated with a poorer quality of life for survivors and siblings. Both had lower scores on the SF-36 measures than did survivors or siblings not reporting fatigue or sleep symptoms. Cancer survivors had lower scores, particularly in domains measuring function and physical activity, which persisted even when compared with siblings who also reported fatigue and sleep difficulty. Childhood cancer survivors have previously been reported to have greater performance limitations and participation restrictions, compared with a sibling comparison group. 41 Limitations in function and well-being may portend increased fatigue and sleep disturbance.
It is challenging to separate the effects of depression upon fatigue and, likewise, the reverse. Depression was a strong predictor of self-reported fatigue in our study, even after adjustment for case status. Among survivors, approximately 8% reported depression, compared with 19% reporting fatigue, 16.7% poor sleep quality, and 14% daytime sleepiness. These estimates of depression are similar to those reported in other cancer survivor populations. 19 Anderson et al 42 reported higher levels of fatigue in depressed patients, compared with cancer patients and community subjects, but did not detect a significant difference in sleep scores among the 3. In a prospective study among cancer patients undergoing radiation therapy, Visser et al 43 did not observe a strong association between fatigue and depression. In this cross-sectional analysis, we were not able to make causal conclusions; however, it would appear unlikely that cancer-related fatigue can be fully explained by a depressed mood.
These results should not be interpreted without recognizing a number of limitations. The FACIT-Fatigue and PSQI were validated in older populations than ours (median = 45.7 years, range 29-63; mean = 59.9 years, range 24-83, respectively). 29, 30 We were thus unable to directly compare our results with population norms. However, our use of siblings reflects an appropriate comparison group for this analysis because of their similarity in family-related factors. These data are self-reported and may be influenced by response bias. It is plausible that those who chose not to complete a survey, although demographically similar to our study population, had more medical complications, depression, or poorer physical function that may have resulted in increased fatigue or reduced sleep quality, thus underestimating the prevalence of fatigue and sleep disturbance in this population.
In conclusion, although mean scores for the FACIT-Fatigue, PSQI, and ESS scales were significantly different from those of the siblings, it is unlikely that these small absolute differences would be detected in a clinical setting. There were, however, more cancer survivors than siblings who reported fatigue. The only cancer-related predictor of fatigue was exposure to radiation therapy; for disordered sleep, the only predictor was the diagnosis of a STS. Except for these, our results suggest that survivors who suffer from fatigue or disrupted sleep have similar medical and sociodemographic factors causing these issues as might be expected in the general population in this age range. These factors are increased in cancer survivors due to their prior therapy. The possibility remains that there may be unmeasured or subclinical late effects or functional limitations in survivors of childhood cancer that may contribute to fatigue and sleep quality, yet at a lower rate than that observed in adult cancer survivors. Clearly, further research in adult and pediatric cancer survivors is needed to determine how fatigue and sleep disorders change over time and which medical and sociodemographic factors influence these changes.
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reFerenCes aPPendiX
The Childhood Cancer Survivor Study (CCSS) is a collaborative, multi-institutional project, funded as a resource by the National Cancer Institute, of individuals who survived 5 or more years after diagnosis of childhood cancer.
CCSS is a retrospectively ascertained cohort of 20,720 childhood cancer survivors diagnosed before age 21 between 1970 and 1986 and approximately 4000 siblings of survivors, who serve as a control group. The cohort was assembled through the efforts of 26 participating clinical research centers in the United States and Canada. The study is currently funded by a U24 resource grant (NCI grant e U24 CA55727) awarded to St. Jude Children's Research Hospital. Currently, we are in the process of expanding the cohort to include an additional 14,000 childhood cancer survivors diagnosed before age 21 between 1987 and 1999. For information on how to access and utilize the CCSS resource, visit www.stjude.org/ccss.
